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RÉSUMÉ  
Le système de contrôle en temps réel (RTC) des vannes dans les tuyaux 
d’évacuation utilisés comme réservoirs est une des mesures préconisées pour lutter 
la pollution due aux déversoirs d’orage(CSO).Toutefois le système ne s’est pas en-
core imposé au Japon. Lors des recherches effectuées en vue de l’introduction de ce 
système, les trois points suivants ont été soulignés. 
Tout d’abord la vanne devrait s’ouvrir mécaniquement pour éviter toute innondation 
lors d’une panne du système.Dans un tel système de contrôle, la régulation est sup-
posée dépendre de la vitesse d’élévation de l’eau dans le tuyau d’évacuation. 
On a ensuite constaté que, d’après les résultats des simulations effectuées, la de-
mande biochimique d’oxygène (BOD) du déversoir était inférieure de 20 % si une 
vanne était utilisée. 
Finalement, une comparaison des coûts a montré que le système RTC coûtait moitié 
moins cher qu’un bassin d’eaux pluviales.Le système RTC pourrait donc être un 
moyen économique de réduire la pollution due aux déversoirs d’orage(CSO). 
ABSTRACT 
One means of preventing combined sewer overflow (CSOs) pollution is real time 
control (RTC), which reduces overflow water by installing gates in sewers and storing 
the stormwater. However, there has been little progress in achieving the practical 
application of this method in Japan. Accordingly, we have conducted research into 
promoting the practical application of this method and have ascertained the following. 
Firstly, in order to avoid causing floods when the system malfunctions, it was ensured 
that the gates could be opened mechanically. Moreover, control logic using the speed 
of the rise in the water level within the sewer was stipulated. 
Secondly, it was evaluated that the gate RTC system could reduce 20% of the BOD 
overflow volume in simulations. 
Thirdly, it was estimated that the cost of the gate RTC system was about half that of a 
stormwater tank. Accordingly, we confirmed that the gate RTC system is a highly 
economical means of improving CSOs. 
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1 INTRODUCTION 
The pollution of public waters by combined sewer overflow (CSOs) when it rains is a 
problem that is becoming the focus of attention in Japan. SPIRIT21 (Sewage Project, 
Integrated and Revolutionary Technology for the 21st Century) is a major research 
project led by the Ministry of Land, Infrastructure and Transport, which was conducted 
between 2002 and 2004 in Japan. 25 new technologies were developed as a result of 
this project, in the fields of impurity removal (screening), high-rate filtration,  
coagulation separation, disinfection and measurement. 
At the same time, with regard to technologies focused on effectively operating and 
controlling facilities and equipment, real-time controls (RTCs) were researched and 
have been put to practical use (Schützea, 2004). One such RTC is that used to  
reduce overflow water by installing gates in sewers and storing the stormwater.  
However, there has been little progress in achieving the practical application of this 
method in Japan. It seems that there are three major reasons for this: 
・ Localized heavy rainfall of dozens of millimetres per hour frequently occurs in 
Japan. The most crucial task in urban sewer systems is to ensure that floods 
do not occur when it rains. In considering simulations of RTC of pump opera-
tion in Japan, it has been demonstrated that it is difficult to implement RTC 
during heavy rain (Maeda et al, 2004). Accordingly, in stormwater storage  
control systems using in-pipe gates, it is necessary to take adequate meas-
ures to ensure that floods do not occur. 
・ The volume of the reduction in pollutant load when RTC systems using gates 
have been introduced to Japanese urban sewer systems has not been evalu-
ated. 
・ The cost of building gates and constructing an RTC system has not been  
estimated. 
The Japan Institute of Wastewater Engineering Technology (JIWET) was established 
with the aim of popularizing various new sewerage technologies. Accordingly, this 
study assesses the potential for applying RTC using gates in Japan, in order to popu-
larize this system. The objectives of this study are as follows. 
・ To demonstrate the configuration of gates that can be installed in sewage 
pipes to avoid the danger of flooding, and the structure of the RTC system 
controlling these gates. 
・ To evaluate the reduction volume of pollutant load, referred to here as BOD, 
by means of a simulation. 
・ To estimate and evaluate the cost of building gates to be installed in pipes and 
the cost of constructing an RTC system. 
2 RTC SYSTEM EQUIPMENT AND CONFIGURATION  
2.1 Specifications of the Gate Structure  
The structure of the in-pipe gate to store the pollutant load during wet weather period 
is shown in Figure 1. The gate is closed during dry weather, but has an aperture 
through which sewage to be treated can flow. The volume of sewage that can flow 
through this aperture is three times the volume of the design maximum hourly  
wastewater flow. This volume is the maximum volume that can normally be treated at 
the sewage plant. The standard value of the gate height HG is 80% of the number of 
rainfall events, a height that will prevent overflow. Table 1 shows distribution data for 
the rainfall intensity in this study area over the course of a year. For example, if the 
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gate were constructed to be of a height that could store a volume of rainfall of less 



















Sewer pipe diameter : HX0
Gate height: HG
 
Figure 1  Cross-Section of a Storage Gate Installed in a Sewer 
 
Rainfall Intensity Number of Rainfall Events Cumulative Proportion 
Less than 2mm/hr 33 38% 
2 ~ less than 5mm/hr 27 71% 
5 ~ less than 6mm/hr 5 77% 
6 ~ less than 7mm/hr 1 78% 
7 ~ less than 8mm/hr 2 80% 
8 ~ less than 9mm/hr 2 82% 
9 ~ less than 10mm/hr 3 86% 
10 ~ less than 15mm/hr 6 93% 
15 ~ less than 30mm/hr 5 99% 
30mm/hr or more 1 100% 
Table 1  Example of the Distribution of Rainfall Intensity Over a Year 
 
With regard to the pipe in which the gate is installed, it is necessary to select the 
location after giving consideration to increasing the storage effect and ensuring that 
installation can take place easily, and the following points should be considered: 
・ It should be a large-diameter main sewer pipe that is likely to have a storage 
effect to reduce CSOs. 
・ There should be a manhole through which the gate can be installed. 
・ Manholes at interflow points (where there are inlet pipes) and those with large 
steps should be avoided as far as possible. 
2.2 Multiple Fail-Safe Functions and Control System 
The gate is opened by set point control when the water level reaches the set level. 
However, if the gate fails to open due to control problems, there is a danger that 
flooding will occur upstream. Consequently, fail-safe mechanisms are installed in the 
gate itself, in order to ensure that it will open without fail. Moreover, back-up functions 
are also necessary in order to improve safety. For such reasons, the following were 
stipulated as multiple fail-safe functions to ensure that floods do not occur : 
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・ The gate should be able to be opened mechanically in the event of power cuts 
or signal malfunctions, using counterweights or hydraulic pressure. This is a 
mechanism that ensures that, in the event of a malfunction, the tractive force 
or oil hydraulic pressure used to close the gate will be cut and the gate will 
open. 
・ Multiple input data are used, such as in-pipe water level and quantity of rainfall.   
Moreover, the signal line should be multiplexed. 
With regard to the method of controlling the opening of the gate, the three methods 
(control strategies A, B and C) shown in Table 2 were proposed, and comparative 
evaluation of them was conducted. 
 
 
 Control Strategy A Control Strategy B Control Strategy C 
Input Hx(t) & HY(t) HY(t) HY(t) 
Control (Criteria 
for gate opening) 




Hx(t): Water level inside the sewer at the point where the gate is installed 
HY(t): Water level inside the sewer at a point upstream of the gate that is prone to flooding 
HG    :  Gate height 
HY0  : Pipe crown of the sewer at a point upstream of the gate that is prone to flooding  
T0      : Time required to open the gate 
V0     : The increase rate of the water level is set at the maximum increase rate during previous maxi-
mum rainfall (fixed value) 
V(t) : The increase rate of the water level is taken as the current increase rate of the water level (real-
time calculation) 
Table 2  Proposed Control Strategies to Open the Gate 
 
・ Control strategy A: There are two inputs, water level at the gate HX(t) and wa-
ter level at a point upstream of the gate where flooding is prone to occur HY(t). 
The gate opens when the water level exceeds the height of the gate HG or the 
crown of the pipe at the upstream water level measurement point HY0. This 
control strategy is highly safe in terms of avoiding flooding. 
・ Control strategy B: The input is HY(t) alone. As shown in Figure 2, the gate 
opens when the difference between the water level at the pipe crown HY0 and 
the current water level H(t) is smaller than the product of V(t), the increase rate 
of the water level, and T0, the time required to open the gate. Here, the rate of 
increase of the water level V(t) is the value V0, which is calculated on the basis 
of past maximum rainfall. While maintaining safety at points that are prone to 
flooding, this strategy can be expected to increase the scale of the reduction in 
overflow more than control strategy A. 
・  Control strategy C: The input is also uses HY(t) alone. The increase rate of the 
water level V(t) is calculated in real time and the gate opens when the differ-
ence between the water level at the pipe crown HY0 and H(t) is smaller than 
the product of V(t) and T0. By calculating the current rate of increase of the wa-
ter level in real time, it is possible to implement controls in line with the rainfall 
situation and it can be expected that this strategy will increase the scale of the 
reduction in overflow more than control strategy B. 
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Water level : HY(t)
HY(t-1)
Increase rate of the water level : V(t)
V(t) x T0
(in the case of control strategy B, V0 x T0)
Manhole at point Y, which 
is prone to flooding Ground level
 
Figure 2  Concept of the Proposed Gate Control Strategies B and C 
 
2.3 System Configuration  
Figure 3 shows the configuration of the RTC system using the gate. The storage gate 
controller opens the gate when the water level at the storage gate reaches the set 
point level, or in response to control inputs from the upper RTC controller. With the 
water level at the storage gate and the water level at a point where there is a signifi-
cant danger of flooding as inputs, the RTC controller emits a control signal for the 
storage gate. Moreover, the function of gate control using rainfall data as its input has 
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In-sewer storage gate process controller
 
Figure 3  Configuration of the RTC System Controlling the Storage Gate in the Sewer 
 
3 SIMULATION METHOD TO EVALUATE THE VOLUME OF POL-
LUTANT LOAD REDUCTION 
A distributed model was used to evaluate the pollutant load reduction of the gate RTC 
system. The drainage basin in this study has a treatment area of 1,962ha and a  
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population of approximately 530,000 people. In this area, the storage gate was in-
stalled at the location marked X in Figure 4, based on consideration of the aforemen-
tioned points when installing gates. The drainage area upstream of the point at which 
the gate was installed is a sub-catchment with an area of about 100ha. The sewage 
in this sub-catchment passes through the relay pumping station and travels down-
stream to the treatment plant. Discharges from the relay pumping station and from the 
treatment plant are CSOs. In this sub-catchment, it was known from the simulation 
analysis that there was a point Y where floods were prone to occur, so the water level 





Point Y, area prone to flooding 
Sub-catchment 
Point X,  
gate installation point 
Discharge 
To the treatment plant  
Figure 4  Simulation Model of the Study Area 
 
The simulation was based on the 85 rainfall events over the period of a year shown in 
Table 1. From the analysis of the rainfall data, the control parameters for control 
strategies A, B and C shown in Table 2 were set as shown in Table 3. 
 
Parameters Set Values 
HG: Top of the gate 1.5m (Pipe diameter: 2.0m) 
HY0: Pipe crown of the sewer at point Y 0.36m 
T0: Time required for the gate to open 60 seconds 
V0: Maximum increase rate of the water level at 
the time of maximum rainfall (87mm/h) 
0.1m/min (fixed value) 
V(t): Current increase rate of the water level (Real-time calculation) 
Table 3  Control Set Values in the Simulation 
 
4 RESULTS AND DISCUSSION 
4.1 Evaluation of the Reduction in Pollutant Load  
With regard to the 85 rainfall events that were simulated, under control strategies A, B 
and C, the gate opened 17 times, 13 times and 11 times respectively. In other words, 
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the gate opened the fewest times under control strategy C, so it was possible to  
prevent CSOs while the gate was closed in 74 rainfall cases (87%). Moreover, flood-
ing did not occur in any cases, so it was possible to verify that the gate was opened 
safely. 
Table 4 shows results concerning BOD overflow volume reduction. Compared with 
the case in which storage using an in-pipe gate did not occur, which yielded a figure 
of 140x103kg, the BOD overflow volume in the case of control strategies A, B and C 
was 121x103kg, 115x103kg and 112x103kg respectively, showing that the figure could 
be reduced by 20.0% under control strategy C. It was ascertained that control  
strategy C, under which functions calculating the increase rate of the water level were 
added to the RTC controller, improved the BOD reduction quantity by 9x103kg (7%) 
compared with control strategy A, even with just one water level measurement point. 
Furthermore, in order to reduce the quantity of sewage from the drainage area when 
it is stored in the pipe, thinking about the treatment area as a whole, it is possible to 
treat more of sewage from other drainage areas. It is possible to reduce the overflow 
load from treatment plants from the increase in the quantity of sewage that can be 
treated as well. The overall BOD reduction for the treatment area to which this  











Before gate installed 140,000 
After gate installed  121,000 115,000 112,000 
Reduction  19,000 25,000 28,000 
Sub-catchment 
Reduction rate  13.6% 17.9% 20.0% 
Whole Treatment 
Area Reduction  29,000 36,000 40,000 
Table 4  Overflow BOD Reduction Over One Year                unit： (kg) 
 
4.2 Estimate of the Cost of Constructing the Gate RTC System 
The construction and maintenance costs were estimated for the installation of a gate 
RTC system and the installation of a stormwater tank. The latter focused on the costs 
of installing a 20,000m3 stormwater tank in the same treatment area.  
 
Between a Gate and a Stormwater Tank   (Cost unit: ¥1,000/year) 
 Storage gate with RTC system (1 place) 
Stormwater Tank 
(20,000m3) 
Construction Costs  18,000 174,000 
Maintenance Costs  20,000 3,000 
Total Annual Costs  38,000 177,000 
Load Reduction (x103kg/year) 40 92 
Cost Required to Reduce the Load by 
1,000kg (¥1,000/x103kg) 950 1,900 
Ratio 1 2 
Table 5  Comparison of Costs and Load Reduction 
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Table 5 shows the approximate costs, taking into account the depreciation period of 
buildings and civil engineering structures, mechanical and electrical facilities. 
 The load reduction using the gate RTC system was 40×103kg/year, which was lower 
than the load reduction of 92×103kg/year using the stormwater tank. However, with 
regard to the cost of reducing the pollutant load, in the case of the gate RTC system, 
the load reduction cost per 1,000kg was about ¥950,000. This cost is half that of the 
¥1.9 million approximate cost of using a stormwater tank. From this estimate, it was 
ascertained that the gate RTC system is a highly economical means of improving 
CSOs. 
5 CONCLUSION 
In this study, in order to evaluate the potential for the application in Japan of RTC 
using in-pipe storage gates to reduce CSOs, the gate structure and RTC  
configuration with a view to preventing flooding were considered, the pollutant load 
reduction effect was evaluated, and a comparison of construction and maintenance 
costs was carried out. From this, the following results were obtained: 
・ The structure of the in-pipe storage gate was such that it could be opened  
mechanically in the event of a power cut or signal malfunction, in order to 
avoid the danger of floods. Moreover, we proposed a control system that used 
as the input data obtained from prior analysis concerning the increase rate of 
the water level at the point prone to flooding. In the simulations, no floods oc-
curred after the installation of the gate RTC system. 
・ By means of the simulations, the volume of the pollutant load reduction was 
calculated and it was evaluated that the effect of the proposed control system 
would be a 20% reduction in the BOD overflow volume. 
・ The costs of constructing the RTC system and building the in-pipe storage 
gate were estimated and compared with the cost of constructing a stormwater 
tank. The results suggested that the cost per unit of BOD reduction in the case 
of the in-pipe storage gate was half that of the stormwater tank. Accordingly, it 
was confirmed that the in-pipe gate RTC system is a highly economical means 
of improving CSOs. 
The results of this study have been compiled as a system introduction manual, along 
with planning techniques and design guidelines for RTC systems (JIWET, 2005). In 
working to publicize this introduction manual, we will strive to popularize RTC sys-
tems using such gates. 
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